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Evaluation of Transcutaneous Electrical Nerve Stimulation as 
a Treatment of Neck Pain due to Musculoskeletal Disorders
 
Mikhled Maayaha, b, Mohammed Al-Jarraha
Abstract
Background: This study was designed to evaluate transcutaneous 
electrical nerve stimulation (TENS) as a treatment for neck pain 
due to musculoskeletal disorders within the context of a physio-
therapy treatment.
Methods:  Thirty subjects with neck pain were randomly allocated 
to two groups, treated with either TENS (n = 15) or placebo (n = 
15). Each subject received one session for one hour. All subjects 
were evaluated before, during treatment, after switch off and again 
a week after by using Myometer machine. All subjects completed 
the follow-up assessment. Subjects referred for out-subjects’ phys-
iotherapy department, fulfilling the inclusion and exclusion criteria, 
took part in the study.
Results:  The assessments were compared and used to measure 
outcome treatment. Improvement in their condition was measured 
in terms of a reduction in the individual’s level of pain during the 
week after the end of the first session. At the end of the first session, 
the study showed that 11 subjects (73%) in the treatment and 7 sub-
jects (43%) in the control groups had gained marked improvement. 
These results are statistically highly significant, (P = 0.01) at the 
end of the follow-up assessment.
Conclusions:  A conclusion could be drawn that a single intense 
TENS treatment is an effective treatment for neck pain due to mus-
culoskeletal disorders. On the other hand, TENS showed an effec-
tive pain relief with subjects who have a mild neck pain rather than 
those with severe symptoms.
Keywords:  Musculoskeletal disorders; Transcutaneous electrical 
nerve stimulation; Neck pain
Introduction
Neck pain is the second largest cause of time off work, after 
low back pain [1]. Pain is a major complaint of subject with 
neck pain due to musculoskeletal disorders of the cervical 
spine [2]. Neck pain from musculoskeletal disorders again 
tends to be worse in the morning and evening, with improve-
ment during the day. This pain often radiates to the shoulder, 
between the shoulder blades and up the neck to cause head-
aches [3]. The most commonly prescribed intervention for 
the treatment of neck pain by general practitioners is rest, 
followed by analgesics [4, 5]. Neck pain is one of the most 
common conditions for referral to a physical therapist. De-
spite the prevalence of neck pain, there is a lack of evidence 
for commonly used rehabilitation interventions [6]. 
There is various treatment options used to treat neck 
pain [7], for example, heat, massage, manipulation, cervical 
traction and supply of a cervical collar due to musculoskel-
etal disorders. Among them, transcutaneous electrical nerve 
stimulation (TENS) is widely available in Western chronic 
pain clinic [7]. Subjects may experience some relief from 
pain from these modalities but this improvement is rarely 
sustained, since subjects frequently return to the physicians 
without the problem solved. There would therefore appear to 
be a need for a means of controlling chronic neck pain.
TENS is a simple, noninvasive modality in physiothera-
py that is commonly used to control both acute and chronic 
pain arising from several conditions [8-12].  It was intro-
duced into clinical practice in 1972 as an adjunct to other 
pain therapies. The mechanism of the action of TENS is still 
not completely understood. Analgesia may be produced by 
the modulation of nociceptive input in dorsal horn of the spi-
nal cord by peripheral electrical stimulation of large sensory 
afferent nerves. This is the ‘gate control theory’ of pain [13]. 
Alternatively, electrical stimulation of certain receptor sites 
in the dorsal horn of the spinal cord may release endorphin, 
in turn, producing analgesia that can be reversed by nalox-
one [14, 15]. 
Several studies examined the efficacy of TENS in mus-
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culoskeletal disorders have been published. Since the 1970s, 
TENS has been gained popularity used as a treatment of 
acute and chronic pain [11, 16-18]. Transcutaneous electri-
cal nerve stimulation currently is one of the most commonly 
used forms of electroanalgesia [7]. In medicine, TENS is the 
most frequently used electrotherapy for producing pain re-
lief. 
A number of clinical studies exist concerning the use of 
TENS for various types of disorders such as low back pain 
[19-24], Myofascial [25] and arthritic pain [26], sympatheti-
cally mediated pain [26-28], bladder incontinence, neuro-
genic pain [29-32], visceral pain, and postsurgical pain [15, 
33, 34], chronic musculoskeletal pain [18, 35]. 
The chief advantage is that it is a non-invasive and non-
toxic form of pain management, which is based, in part, on 
the Gate Control Theory of pain [36]. It is thought to activate 
the large diameter, myelinated A-beta fibers which have a 
low threshold for electrical stimulation [37].
 
Patients and Methods
Subjects
Outpatients with neck pain were recruited from physiother-
apy lab in Applied Medical Sciences at Jordan University 
of Science and Technology. The subjects had been clinically 
and radiologically diagnosed of neck pain due to musculosk-
eletal disorders. Further inclusion criteria for the study were 
aged between 20 to 75 years, neck pain existed most days in 
the last month. The subject should have received no treat-
ment for neck pain other than oral analgesia for the duration 
of one week after the end of the first session. And also sub-
ject should have had no previous TENS treatment.
Patients were excluded if they had any of the following: 
with a cardiac Pacemaker, since electrical impulses of the 
TENS may inhibit action; with history of malignancy, which 
could be a current cause of bone pain.
On arrival in the department, the study was explained 
to  eligible  subjects  with  neck  pain  and  written  informed 
consent  and  permission  to  enter  individual  subjects  was 
obtained. According to a block randomized allocation table 
(generated by sample size 2.0 Int), the enrolled subjects were 
allocated to either the TENS group or the placebo group.
Design
The design of this study was randomly controlled clinical 
trial using a block-randomized procedure. Each subject re-
ceived one session for one hour. All enrolled subjects were 
evaluated before, during treatment, after switch off and again 
a weak after by using Myometer machine.
Treatment
Control  group
The control group involved a TENS stimulator in working 
order, using a different set of leads in which contact was bro-
ken at the wire connecting the jack plug and the electrode 
pads. Thus, no stimulation passed to the subject’s skin, al-
though a small green light flash continued at the set pulse-
rate, reinforcing treatment. This mock TENS had no physi-
ological effect.  
TENS group
The TENS group subjects received one-hour treatment at 
the maximum tender area was marked with indelible ink to 
insure that all measurements were taken at the same point. 
The pulse-rate or frequency and amplitude or voltage is ad-
justable and a green light flashes at the selected pulse-rate. 
Two conductive silicone polymer electrodes were used for 
stimulation, attached to the TENS machine by a two cord 
lead, and to the skin with karaya pads electrodes. The karaya 
pad are conductive and once moistened become tacky allow-
ing the fixation of the electrodes without either jelly or tape. 
The subject was told that the electrodes were placed primar-
ily over tenders but where pain was diffused, the local acu-
puncture points around the neck were chosen for placement. 
Procedure was noted for each subject, but placement var-
ied when painful areas altered. When the electrodes were in 
place, the investigator turned on the machine. The intensity 
setting was regulated by the subject’s own comfort level and 
subjects were instructed to indicate when the level of stimu-
lation was at a comfortable and tolerable level. The subjects 
were instructed that the sensation should not be painful. Ad-
justments in the intensity were made during the session to 
maintain it at the same tolerable level. The frequency of the 
output was set at 4 - 8 Hz and current intensity was raised 
until the subject reported that it was unpleasant.
The subject was told that the TENS might or might not 
be effective and that the neck pain medication would be 
available as needed. All subjects reported a tolerable level 
of stimulation between 3 and 5 on the amplitude dial and the 
frequency 2 Hz. The investigator was available thought the 
sessions to discuss any functional difficulties related to neck 
pain due to musculoskeletal disorders.
Evaluation
Primary outcome measures were: (1) Self-assessment forms 
completed by the subject and the investigator; (2) Daily drug 
intake and daily pain level were recorded on a diary by the 
subject; (3) Self-assessment form to evaluate overall weekly 
pain, sleep disturbance and immediate response to treatment 
were recorded by the subject; (4) Neck pain  measured by 
Myometer machine. The Myometer scores were measured 
immediately before the first treatment and subsequently dur-
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ing treatment, after switch off and again a week after the 
completion of the first treatment. The subject removed suf-
ficient clothing to expose the cervical area and shoulder and 
sat on a chair. The Myometer was placed centrally, as far as 
possible, over the maximum tender area. The pressure ap-
plied by the investigator was indicated on a pressure trans-
ducer in kg - force and was gradually increased until a dis-
tinct painful sensation was elicited. This was taken as the 
pain threshold for that tender area.
 
Results
Subjects
Thirty subjects were recruited, 15 females, 15 males, aged 
21 - 70 years with mean of 55.7 years. Concerning duration 
of the neck pain problem, 48% of the subjects reported hav-
ing experienced mild gain for more than 5 years, with 3% of 
the subjects had experienced severe pain for 7 months, and 
20% indicating their pain had been quite severe for 5 years 
and 29% with a vague history of pain.
Group comparability
After separate randomization for male and female subjects, 
both groups contained equal numbers of subjects, (n = 15). 
The treatment group contained 8 female and 7 male subjects, 
and all completed the trial. The control group contained 7 
female and 8 male subjects and all completed the trial. 
Age of subjects in relation to treatment
The range of ages in the two groups was not similar: 23 - 70 
years in the treatment group and 35 - 72 years in the control 
group. The mean age of the treatment group was 53.53 years 
compared to 58.2 years in the control group. The distribu-
tions of age in the two groups are shown in Table 1.
Symptoms
All subjects had a single diagnosis of neck musculoskeletal 
disorders. The symptoms were for 8 subjects on the left side 
in the control group and for 4 subjects on the right side, the 
ratio of left to right was 2:1. The symptoms of pain in the 
treatment group are equal in left and right, and in both sides 
in both groups were equal (see Table 1). Although the left 
side of the neck, is the most common involvement area was 
in the control group. The duration of symptoms of musculo-
Control
Group 
Treatment 
Group
Sex Male 8 7
Female 7 8
Age of subjects in relation to 
treatment
Range 35 - 72 23 - 70
Mean age (SD) 58 (8) 53 (7)
Mean Female Age (SD) 60 (9) 48 ( 6)
Mean Female Age (SD) 56.50 (7) 59 (8)
Symptoms Left 8 (53.30%) 6 (40%)
Right 4 (26.70%) 6 (40%)
Both 3 (20%) 63 (20%)
Severity of Symptoms Range for the all 11-35 11-35
Mean score for the all 19.66 19.66
Mean (SD) 21.47 (1 .43) 17.20 (1.15)
Analgesic Intake No analgesic drugs 8 10
Simple analgesia only 7 5
Table 1. Characteristics of the Demographic Data of the Study
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skeletal disorders was found to be greater among the treat-
ment group.
Severity of symptoms
Subjects were not divided into groups relating to symptom 
severity at the beginning of the trial. Although the method 
employed here is not a standard statistical procedure, the re-
sults obtained would appear to agree with the investigator’s 
subjective clinical opinion about each subject. The distribu-
tion of the total average of pain scores the week after the end 
of the first session in the two groups are shown in Table 1.
Analgesic intake
A record of analgesic intake was taken by each subject for 
one week after the end of the first session. This was to allow 
subjects to become stabilized on any drug they had recently 
been prescribed and also to establish the weekly score after 
the end of the first session. The type of drug for each subject 
was recorded. They were discouraged from altering the type 
of drugs they were taking, but they were encouraged to re-
duce the amount of analgesia where this was considered to 
be appropriate.
Subjects were either taking simple analgesia, such as 
Paracetamol or Brufen. No stronger analgesia was used by 
any subject during the week except one subject who was tak-
ing a strong analgesic for other medical purposes. A record 
of these was also kept. Table 1 indicates the intake of analge-
sia in the two groups.
Comparability of treatment and control groups
For the purposes of this study, it was necessary to obtain two 
similar groups of subjects so that the effects of treatment 
could be clearly evaluated and other variables excluded as 
far as possible.
The TENS and MTENS treatment groups appeared to 
be broadly comparable in sex, age, duration of present at-
tack, and severity of pain they had experienced before treat-
ment. Additionally, no subject was receiving any physio-
therapy treatment for neck musculoskeletal disorders except 
oral medication. The treatment and control groups therefore 
seemed to be similar for the variables analyzed. All the sub-
jects received one session of 60 minutes duration. All sub-
jects received similar instructions and explanations prior to 
beginning the trial. All subjects completed self-assessment 
forms, and all measurements were carried out by the inves-
tigator. It was therefore assumed that any variation in the 
results was obtained from the effects of TENS.
Summary of data collection
Information concerning the efficacy of TENS treatment was 
obtained from subjects as the following: 
1.      Self-assessment forms completed by the subject and 
No improvement Improvement
Treatment 3 (20%) 11 (73.33%) 1 (6.67%)
Control 8 (53.33%) 7 (46.67%) 0 (-)
Table 2. Result at One Week After the First Session
Worse
Figure 1. Results of treatment at one week after the first session.
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the investigator
2.      Daily drug intake and daily pain level were recorded 
on a diary
3.      Self-assessment form to evaluate overall weekly pain, 
sleep disturbance and immediate response to treatment.
4.      Neck pain  measured by Myometer machine.
Results of data collection
Initially results were analyzed to determine success in relief 
of pain. All information used in the analysis of treatment was 
obtained from the self-assessment forms. The week after the 
first session, 11 subjects in the TENS group and 3 subjects in 
the control group showed a marked improvement. One sub-
ject in the treatment group was considered to be worse after 
the first three days after the end of the first session (Table 2 
and Fig. 1).
Short-term of pain relief
Following the end of the first session, no further treatment 
was given to any subject. After one week, all subjects were 
followed up to reassess their condition. During the follow-
up period, subjects continued to keep a daily record of their 
drug intake and pain levels. The subjects completed a final 
self-assessment form on the follow-up visit.
Of the all subjects in the treatment group who showed 
marked pain relief after one week from the end of the first 
session, 2 showed marked pain relief during the treatment 
and 2 showed marked improvement after 30 minutes to 2 
 Table 3. Duration of Short-term Pain Relief Following Cessation of TENS
Table 4.  Pain Threshold Measurements for Both Groups
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hours. Of the 8 subjects in the control group who showed 
no marked pain relief during the session, 4 showed marked 
pain relief after more than 2 hours and the other 3 subjects 
showed marked pain relief after 30 minutes. Table 3 shows 
the duration of short-term pain relief following cessation Of 
TENS. 
Statistical analysis of results
No statistical test was carried out for the results after the end 
of the first session. The difference in response to treatment 
between the treatment and control groups were obviously sta-
tistically significant. After one week of treatment, 11 (73%) 
subjects in the treatment group had showed marked pain re-
lief compared to 7 (47%) subjects in the control group. The 
following statistics showed pain threshold measurements for 
both groups (Table 4). The mean pain threshold before the 
session in the treatment group is less than the control group 
(Table 4 and Fig. 2).
Mean pain threshold values for each group before, dur-
ing, after, and after a week are shown in Table 4 and Figure 2. 
The analysis of variance (ANCOVA) showed a statistically 
significant interaction between groups and before, during, af-
ter switch off and after a week follow-up (Table 5), therefore, 
a statistically significant difference existed among the groups 
in the terms of mean before and week after pain threshold 
changes.  Using ANCOVA  showed  statistically  significant 
difference (p <  0.01) between the time (before and 1 week 
Figure 2. Results of pain threshold measurements for both groups.
Table 5. Analysis of Variance for Pain Threshold
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after) and treatment for both groups (Table 5).
Discussion
  
The results of this study were statistically significant, and 
especially show that TENS diminishes the pain experienced 
in the cervical area due to musculoskeletal disorders. The 
comparison of the effects of TENS and the effect of the pla-
cebo was dependent upon the similarity of the subjects in the 
two groups.
The present study demonstrated that TENS treatment 
was effective in pain relief. TENS is a popular modality 
for treating musculoskeletal pain [38]. TENS excited large-
diameter afferent fibers [13]. According to the gate control 
theory [39], TENS may stimulate the large-diameter afferent 
fibers, which may reduce the transmission of pain signals 
through the small nociceptive afferent fibers, thereby inhibit-
ing pain discrimination and perception. 
Symptom severity
Little is known about the effects of TENS on similar condi-
tion of varying severity. It has been suggested that the great-
est pain relief is reported after TENS in subjects who have 
received minimal previous medical treatment [7]. 
However, it is possible that those subjects with a long 
standing  history  at  musculoskeletal  disorders  could  have 
received a greater number of medical treatments than those 
with a shorter history of disease, and that they might respond 
less well to treatment. It was not possible to obtain an ac-
curate history of previous treatment in all cases. It became 
obvious as the trial proceeded that those subjects with more 
severe symptoms gained less pain relief than those with mild 
disease. Following completion of the trial, all the available 
information regarding factors which might reasonably be as-
sociated with disease severity were considered, and subjects 
were divided into groups  (Table 1).
Use of single-blind methods
Ideally, the investigator should have been blind as to which 
treatment each subject was receiving. The use of mock elec-
trical stimulation meant that ‘stimulation’ levels were preset 
and no adjustment was necessary. It was therefore impos-
sible for the investigator to be “blind” to treatment. Every 
attempt was made to ensure that treatment procedures were 
the same for each subject.
Self-assessment
The  difficulty  in  accurately  assessing  pain  [40]  is  well 
known, especially using a practical method in a busy clinical 
situation, yet such a system is essential for the evaluation of 
methods controlling pain. 
The word pain refers to an endless variety of quantities 
that are categorized under one label, and not to a single spe-
cific entity [40, 41].  A number of methods have been de-
signed to evaluate uncontrolled chronic pain.
It is described by the author as being sufficiently sensi-
tive to detect differences among different methods of treat-
ing pain, and has been successfully employed to measure 
changes in pain quality and intensity produced by TENS 
[42]. However, the questionnaire is long, detailed and is not 
a practical tool within the confines of a busy department. It 
has already been suggested that a subjective measurement of 
the greatest importance, since only the subject experiences 
the painful sensations.
Analgesia
During the week after the end of the first session subjects 
were asked not to alter their drug which they were taking, 
but to reduce their analgesic intake whenever it was possible 
and appropriate. Only one subject altered of type of the drug 
during the subsequent week. Ideally all subjects should have 
been prescribed the same type of analgesic, but this was not 
possible within the time available and within the methodol-
ogy of the trial.
Application of the trial results
The result of this study suggests that TENS is an effective 
means of relieving pain in the neck due to musculoskeletal 
disorders. TENS was used in the context of a physiotherapy 
treatment. The results show a statistically significant result in 
the treatment group while no improvement was shown in the 
control group. It would seem that TENS could usefully be 
employed in the treatment of some cases of musculoskeletal 
pain. The use of a non-invasive technique, such as TENS 
to control musculoskeletal pain could provide a useful al-
ternative to the use of large amounts of potentially harm-
ful analgesic drugs, especially if sustained pain relief can be 
achieved.
The result of this study stated that in some conditions it is 
possible to gain much marked pain relief for up to one week 
following the end of the first session. There is no certainty 
whether or not the analgesic effect was sustained after this 
time, since no further follow-up was attempted. However the 
method of the application of TENS in this study was flexible. 
Treatment was limited to one session. Prolonged courses or 
more frequent application of treatment may produce marked 
pain relief in greater percentage of subjects.
The immediate short-term or long-term analgesic effect 
of TENS could also be usefully employed in treating muscu-
loskeletal disorders, in conjunction with other physiotherapy 
modalities such as traction and mobilization. Most TENS 
machines are battery operated and portable, which the sub-
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jects are able to move whilst the electrodes are in place. Min-
imal side-effects and the simplicity of the TENS machines is 
appropriate as a home or self-treatment modality.
The TENS units are also relatively inexpensive. For the 
above reasons, any subject could buy one and with some in-
struction by a physiotherapist, could use it safely. Subjects 
could therefore purchase a machine for use at home for long-
term pain relief. This could have positive effect upon Health 
Services Finance as this alternative might reduce the need 
for out subject attendances for physiotherapy and consump-
tion of expensive drugs. The use of TENS as a treatment for 
musculoskeletal disorders of the neck symptoms could com-
pletely relieve severe pain in some cases. TENS could also 
be effective in treating other joints affected by musculoskel-
etal disorders or in other forms of arthritis.
Group comparability
The analysis of characteristics of the two groups, showed 
them to be similar. Both treatment and control groups con-
tained 15 subjects, male and female. The mean age of the 
control group was greater than that of the treatment group, 
but age is not thought to affect the response to treatment. Age 
distribution of subjects in the two groups was similar (Table 
1), and analgesic intake was comparable in the two groups, 
(Table 1). Duration of the symptoms was slightly greater in 
the control group, although a small proportion of the treat-
ment and control group had bilateral symptoms (Table 1). 
The two groups were thought to be comparable for symptom 
severity (Table 1). The similarity of the two groups meant 
that any variation in their response to treatment could rea-
sonably be attributed to the treatment they received. There-
fore differences shown in the result between the treatment 
and control groups can be assumed to be associated with the 
effects of TENS treatment. 
Result of treatment
Self-assessment forms and daily analgesic intake diaries and 
degree of sleep disturbances for each subject were used to 
obtain a pain score one week after the end of the first session. 
One week after the end of the first session, 12 (80%) subjects 
in the treatment group, 7 (47%) subjects of the control group 
had shown marked pain relief within the criteria laid down 
for improvement. This suggests that TENS is effective as a 
means of relieving musculoskeletal disorders pain in most 
cases, substantially supporting the initial hypothesis.
The result also describes the short-term effects of TENS 
and suggests that TENS can produce sustained relief from 
musculoskeletal disorders pain. However, 73% of subjects 
in the treatment group reported an immediate response to 
TENS. Although this ‘long-term’ relief of pain is not ana-
lyzed or described in any detail in this study, it is an impor-
tant feature of TENS. Nevertheless the short-term relief of 
pain has been demonstrated in both treatment and control 
groups as 67% of subjects reported an immediate response 
to treatment. The psychological effect of receiving treatment 
or attending the physiotherapy department may have contrib-
uted to this, as may contact with the therapist. All subjects 
were aware that they were taking part in a research project 
and this might have influenced the result.
The results obtained from this study are statistically sig-
nificant at the 5% level, as they suggest that TENS is more 
effective than placebo in relieving musculoskeletal disorders 
pain experienced in the neck. The small number of subjects 
in the study sample can only be supposed to be representative 
of the population of subjects with musculoskeletal disorders.
Relevance of trial methodology
The over all objective of the trial was to evaluate the efficacy 
of TENS as a means of relieving musculoskeletal pain in the 
neck. In order to achieve these objectives, a single blind, ran-
domized controlled clinical trial was selected. 
TENS versus placebo
The comparison between TENS and mock electrical stimula-
tion has been evaluated as a valid method of determining the 
effects of TENS [41]. In order to distinguish the real effect of 
TENS from that of the placebo effect incurred in a physical 
treatment, a machine giving mock TENS was used as a con-
trol treatment. Also, by using a machine of similar appear-
ance, with identical treatment procedure, any difference in 
response between two comparable groups can reasonably be 
attributed to the electrical stimulation, and not to the place-
ment of electrodes on the skin or the use of a previously un-
known treatment or treatment procedure.
Finally, the treatment and placebo machines were almost 
one machine has used, with one producing a ‘tingling’ sensa-
tion effect and the other producing no abnormal sensation on 
the skin. It was therefore decided that the most appropriate 
method of evaluating the effect of TENS as treatment for 
musculoskeletal disorders, was to compare its effects with 
those of a placebo in two comparable groups of subjects. It 
was difficult to obtain similar groups of subjects within the 
time available to conduct the trial. Subjects were considered 
for entry as they were referred to the department, and it was 
not possible to match subjects for symptoms and age or to 
compare the two departments.
Conclusions
                                                                                              
The present study demonstrated that TENS has shown an ef-
fective means of providing a sustained pain relief in terms of 
Myometer machine in subjects complaining from neck pain 
due to musculoskeletal disorders. On the other hand, TENS 
may show an effective pain relief with subjects who have a 
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mild pain. TENS is a useful physiotherapy technique in the 
management of musculoskeletal disorders, but also has a po-
tential use in primary medical care as a means of home treat-
ment where pain relief can not be sustained by drugs. TENS 
could be used as pain relief to reduce the amount of analgesic 
drugs taken by subjects, especially for prolonged symptoms. 
In comparison with other physiotherapy equipment, the 
TENS stimulator is compact, cheap, simple to administer, 
relatively safe to use and free side effects. The pain relief ob-
tained by using TENS does not always last as long as subject 
would like. It can vary from a few weeks to a few months up 
to several years.
References
1.  Andersson GBJ. The epidemiology of spinal disorders. 
In: Frymoyer JW, ed. The Adult Spine: Principles and 
Practice. 1997; 2nd edition, 93-141.
2.  Bovim G, Schrader H, Sand T. Neck pain in the general 
population.  Spine  (Phila  Pa  1976)  1994;19(12):1307-
1309.
3.  Manchikanti L, Benyamin RM, Helm S, Hirsch JA. Ev-
idence-based medicine, systematic reviews, and guide-
lines in interventional pain management: part 3: sys-
tematic reviews and meta-analyses of randomized trials. 
Pain Physician 2009;12(1):35-72.
4.  Barry M, Jenner JR. ABC of rheumatology. Pain in neck, 
shoulder, and arm. BMJ 1995;310(6973):183-186.
5.  Linton SJ, Ryberg M. Do epidemiological results repli-
cate? The prevalence and health-economic consequenc-
es of neck and back pain in the general population. Eur J 
Pain 2000;4(4):347-354.
6.  Aker PD, Gross AR, Goldsmith CH, Peloso P. Conserva-
tive management of mechanical neck pain: systematic 
overview and meta-analysis. BMJ 1996;313(7068):1291-
1296.
7.  Sabine MSK, Jozef C. Szeles, Gisela Scharbert, Andrea 
Michalek – Sauberer, Alexandar Kober, Georg Heinze; 
Sibylle  A.  Kozek–Langenector.  Electrical  stimula-
tion of Auricular Acupuncture Points is More effective 
than  conventional  manual  Auricular  Acupuncture  in 
chronic comical pain: A pilot study. Anesthesia Analge-
sic2003;97:1469-73.
8.  Pope  GD,  Mockett  SP, Wright  JP. A  survey  of  elec-
trotherapeutic  modalities:  Ownership  and  use  in  the 
NHS  in  England.  Physiotherapy  Theory  and  Prac-
tice1995;81(2):82-91.
9.  Reeve J, Menon D, Corabian P. Transcutaneous electri-
cal nerve stimulation (TENS): a technology assessment. 
Int J Technol Assess Health Care 1996;12(2):299-324.
10.  Robertson  VJ,  Spurritt  D.  Elctrophysical  agents:  Im-
plications of their availability and use in undergraduate 
clinical placements. Physiotherapy Theory and Practice 
1998;84(7):335-344.
11.  Osiri M, Welch V, Brosseau L, Shea B, McGowan J, 
Tugwell  P,  Wells  G.  Transcutaneous  electrical  nerve 
stimulation for knee osteoarthritis. Cochrane Database 
Syst Rev 20004):CD002823.
12.  Itoh K, Itoh S, Katsumi Y, Kitakoji H. A pilot study on 
using acupuncture and transcutaneous electrical nerve 
stimulation to treat chronic non-specific low back pain. 
Complement Ther Clin Pract 2009;15(1):22-5.
13.  Toyota  S,  Satake  T,  Amaki  Y.  Transcutaneous  elec-
trical  nerve  stimulation  as  an  alternative  therapy  for 
microlaryngeal  endoscopic  surgery.  Anesth  Analg 
1999;89(5):1236-1238.
14.  Brodsky JB, Mark JB. Postthoracoscopy pain: is TENS 
the answer? Ann Thorac Surg 1997;63(3):608-610.
15.  Benedetti F, Amanzio M, Casadio C, Cavallo A, Cianci 
R, Giobbe R, Mancuso M, et al. Control of postoperative 
pain by transcutaneous electrical nerve stimulation after 
thoracic operations. Ann Thorac Surg 1997;63(3):773-
776.
16.  Johnson M. Transcutaneous electrical nerve stimulation 
(TENS). Electrotherapy 2002:259-86.
17.  Barlas P, Ting SLH, , Chesterton LS, Jones PW, Sim 
J. Effects of intensity of electroacupuncture upon ex-
perimental  pain  in  healthy  human  volunteers:  a  ran-
domized, double-blind, placebo-controlled study. Pain 
2006;122(1):81-9.
18.  Johnson  M,  Martinson  M.  Efficacy  of  electrical 
nerve  stimulation  for  chronic  musculoskeletal  pain: 
a  meta-analysis  of  randomized  controlled  trials.  Pain 
2007;130(1-2):157-165.
19.  Kofotolis ND, Vlachopoulos SP, Kellis E. Sequentially 
allocated clinical trial of rhythmic stabilization exercises 
and TENS in women with chronic low back pain. Clin 
Rehabil 2008;22(2):99-111.
20.  Poitras S, Brosseau L. Evidence-informed management 
of  chronic  loe  back  pain  with  transcutaneous  electri-
cal  nerve  stimulation,  interferential  current,  electrical 
stimulation,  ultrasound,  and  thermotherapy.  Spine  J 
2008;8(1):226-33.
21.  Bertalanffy A, Kober A, Bertalanffy P, Gustorff B, Gore 
O, Adel S, Hoerauf K. Transcutaneous electrical nerve 
stimulation reduces acute low back pain during emer-
gency transport. Acad Emerg Med 2005;12(7):607-611.
22.  Brosseau L, Milne S, Robinson V, Marchand S, Shea 
B, Wells G, Tugwell P. Efficacy of the transcutaneous 
electrical nerve stimulation for the treatment of chronic 
low back pain: a meta-analysis. Spine (Phila Pa 1976) 
2002;27(6):596-603.
23.  Milne S, Welch V, Brosseau L, Saginur M, Shea B, Tug-
well P, et al. Transcutaneous electrical nerve stimulation 
(TENS) for chronic low back pain (Cochrane Review). 
In: The Cochrane Library 2002.
   135                                   136J Clin Med Res  •  2010;2(3):127-136 Maayah et al
Articles © The authors   |   Journal compilation © J Clin Med Res and Elmer Press™   |   www.jocmr.org
24.  Grant  DJ,  Bishop-Miller  J,  Winchester  DM,  Ander-
son  M,  Faulkner  S.  A  randomized  comparative  trial 
of  acupuncture  versus  transcutaneous  electrical  nerve 
stimulation for chronic back pain in the elderly. Pain 
1999;82(1):9-13.
25.  Farina S, Casarotto M, Benelle M, Tinazzi M, Fiaschi A, 
Goldoni M, Smania N. A randomized controlled study 
on the effect of two different treatments (FREMS AND 
TENS) in myofascial pain syndrome. Eura Medicophys 
2004;40(4):293-301.
26.  Dickstein R, Kafri M. Effects of antecedent TENS on 
EMG activity of the finger flexor muscles and on grip 
force. Somatosens Mot Res 2008;25(2):139-146.
27.  Osiri WV, Brosseau L, Shea B, McGowan J, Tugwell P., 
Well G. Transcutaneous electrical nerve stimulation for 
knee osteoarthritis. The Cohrance Library 2002(1):1-13.
28.  Cheing GL, Tsui AY, Lo SK, Hui-Chan CW. Optimal 
stimulation duration of tens in the management of osteo-
arthritic knee pain. J Rehabil Med 2003;35(2):62-68.
29.  King EW, Audette K, Athman GA, Nguyen HO, Sluka 
KA,  Fairbanks  CA.  Transcutaneous  electrical  nerve 
stimulation activates peripherally located alpha-2A ad-
renergic receptors. Pain 2005;115(3):364-373.
30.  Ghoname EA, White PF, Ahmed HE, Hamza MA, Craig 
WF, Noe CE. Percutaneous electrical nerve stimulation: 
an alternative to TENS in the management of sciatica. 
Pain 1999;83(2):193-199.
31.  Chen H, Lamer TJ, Rho RH, Marshall KA, Sitzman BT, 
Ghazi SM, Brewer RP. Contemporary management of 
neuropathic pain for the primary care physician. Mayo 
Clin Proc 2004;79(12):1533-1545.
32.  Cheing GL, Luk ML. Transcutaneous electrical nerve 
stimulation  for  neuropathic  pain.  J  Hand  Surg  Br 
2005;30(1):50-55.
33.  Chen L, Tang J, White PF, Sloninsky A, Wender RH, 
Naruse R, Kariger R. The effect of location of transcuta-
neous electrical nerve stimulation on postoperative opi-
oid analgesic requirement: acupoint versus nonacupoint 
stimulation. Anesth Analg 1998;87(5):1129-1134.
34.  Bjordal JM, Johnson MI, Ljunggreen AE. Transcutane-
ous electrical nerve stimulation (TENS) can reduce post-
operative analgesic consumption. A meta-analysis with 
assessment of optimal treatment parameters for postop-
erative pain. Eur J Pain 2003;7(2):181-188.
35.  Allen RJ. Physical agents used in the management of 
chronic pain by physical therapists. Phys Med Rehabil 
Clin N Am 2006;17(2):315-345.
36.  Melzack AW. The chalange of pain. 1984:893.
37.  Melzack R, Wall PD. Pain mechanisms: a new theory. 
Science 1965;150(699):971-979.
38.  Robinson AJ. Transcutaneous electrical nerve stimula-
tion for the control of pain in musculoskeletal disorders. 
J Orthop Sports Phys Ther 1996;24(4):208-226.
39.  Melzack RF-W, P. D., Wall PD. Pain mechanisms: a new 
theory. 1986(0036-8075) (Print).
40.  Melzack R. Prolonged relief of pain by brief, intense 
transcutaneous somatic stimulation. Pain 1975;1(4):357-
373.
41.  Thorsteinsson Gea. Chronic pain: use of TENS in the 
elderly. Geriatrics1978;42(120):75-7, 81-2.
42.  Melzack R. The McGill Pain Questionnaire: major prop-
erties and scoring methods. Pain 1975;1(3):277-299.
   135                                   136